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Facial expressions of pain are able to elicit empathy and adaptive behavioral responses
in the observer. An influential theory posits that empathy relies on an affective mirror
mechanism, according to which emotion recognition relies upon the internal simulation
of motor and interoceptive states triggered by emotional stimuli. We tested this
hypothesis comparing representations of self or others’ expressions of pain in nineteen
young healthy female volunteers by means of functional magnetic resonance imaging
(fMRI). We hypothesized that one’s own facial expressions are more likely to elicit the
internal simulation of emotions, being more strictly related to self. Video-clips of the
facial expressions of each volunteer receiving either painful or non-painful mechanical
stimulations to their right hand dorsum were recorded and used as stimuli in a 2 × 2
(Self/Other; Pain/No-Pain) within-subject design. During each trial, a 2 s video clip
was presented, displaying either the subject’s own neutral or painful facial expressions
(Self No-Pain, SNP; Self Pain, SP), or the expressions of other unfamiliar volunteers
(Others’ No-Pain, ONP; Others’ Pain, OP), displaying a comparable emotional intensity.
Participants were asked to indicate whether each video displayed a pain expression.
fMRI signals were higher while viewing Pain than No-Pain stimuli in a large bilateral
array of cortical areas including middle and superior temporal, supramarginal, superior
mesial and inferior frontal (IFG) gyri, anterior insula (AI), anterior cingulate (ACC), and
anterior mid-cingulate (aMCC) cortex, as well as right fusiform gyrus. Bilateral activations
were also detected in thalamus and basal ganglia. The Self vs. Other contrast showed
signal changes in ACC and aMCC, IFG, AI, and parietal cortex. A significant interaction
between Self and Pain [(SP vs. SNP) >(OP vs. ONP)] was found in a pre-defined
region of aMCC known to be also active during noxious stimulation. These findings
demonstrate that the observation of one’s own and others’ facial expressions share
a largely common neural network, but self-related stimuli induce generally higher
activations. In line with our hypothesis, selectively greater activity for self pain-related
stimuli was found in aMCC, a medial-wall region critical for pain perception and
recognition.
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INTRODUCTION
Observing someone expressing emotion or someone in pain
tends to elicit empathy, broadly defined as “the experiencing of
an affective or sensory state similar to that shown by a perceived
individual, where one is aware as to whether the source of the
state is oneself or another” (Fan et al., 2011).
There is still debate as to whether empathy represents a
“self-centered” or an “other-oriented” response. On the one
hand, the observation of another’s distress can evoke the
aversive experience of personal distress, a self-oriented response
(Davis, 1983; Eisenberg, 2000) associated with fear, uncertainty,
emotional vulnerability, anxiety, and negative affect (Batson et al.,
1987). On the other hand, seeing someone in pain can also
trigger empathic concern for his/her wellbeing, an other-oriented
response (Batson et al., 1987; Eisenberg, 2000). Along the same
lines, empathy can convey both the sense of “feeling as” another
person (to feel as another feels), and “feeling for” him/her, a
concept similar to pity, sympathy, or compassion (Batson, 2011).
These mental processes are not necessarily mutually exclusive,
and could likely occur at the same time.
Faces are a special class of stimuli in that they are one of
the most expressive perceptual signals for the emotional state of
another person. Indeed, facial expressions play a central role in
social interactions and can elicit rapid responses in the observer
(Craig et al., 2001).
Although several researches have evaluated the behavioral
correlates of facial expressions of pain (Craig et al., 2001), the
neural substrates for the processing of painful facial expressions
have not been investigated in depth, and few functional
neuroimaging studies on empathy for pain have used expressive
faces as stimuli (Botvinick et al., 2005; Lamm et al., 2007;
Saarela et al., 2007; Budell et al., 2010). Previous studies on
the neural basis of empathy for pain have predominantly used
visual tasks where participants watched another person’s body
parts in painful situations (see Fan et al., 2011 for a review).
Functional magnetic resonance (fMRI) studies consistently
showed overlapping neural activations for the direct experience
of pain and for the observation of the pain of others (Lamm et al.,
2011). Specifically, two areas involved in nociceptive processing –
the anterior insula (AI) and the anterior mid-cingulate cortex
(aMCC) – usually respond not only when we experience pain, but
also when we observe painful stimuli in others (Singer et al., 2004,
2006; Saarela et al., 2007; Ochsner et al., 2008; Lamm et al., 2011;
Zaki et al., 2016). Interestingly, these same areas (aMCC and AI)
have been found to be active in the few functional neuroimaging
studies on empathy that used facial expressions of pain as stimuli
(Botvinick et al., 2005; Lamm et al., 2007; Saarela et al., 2007;
Budell et al., 2010).
These findings support an embodied simulation perspective,
according to which emotion recognition relies upon the internal
simulation of motor and interoceptive states triggered by
emotional stimuli (Gallese, 2003; Gallese et al., 2004; Henrich
et al., 2007): embodied simulation processes are thought to
be supported by mirror mechanisms by which the perception
of another person’s action, sensation or emotion triggers the
activation of the perceiver’s own motor, viscero-motor or
somatosensory representation of that specific action, emotion, or
sensation.
In this line of thought, the presence of a shared neural
network activated both for experiencing and for observing
the same emotion has been demonstrated for disgust, i.e., the
same portion of the AI, subserving the subjective experience
of disgust, is also activated when observing facial expressions
of disgust in others (Wicker et al., 2003). A similar hypothesis
of shared neural representations has been advanced regarding
the neural correlates of pain-related events – either actually
experienced pain or the observation of pain in others – in the
mid-insula and MCC (Corradi-Dell’Acqua et al., 2011, 2016).
For instance, the results of a multivariate pattern analysis fMRI
study provide strong (although still indirect) evidence in favor
of the recruitment of the same neuronal populations for the
two pain-related conditions; this supports the idea that the same
distributed cortical network – a shared neural representation –
codes painful events, regardless of the subject who is physically
affected (Corradi-Dell’Acqua et al., 2011). Few data have
been collected with respect to the spatial overlap of cortical
representations of self-experienced and observed emotions. In
the present study, we aimed at evaluating if pain recognition in
others relies upon activity in areas known to be engaged when
experiencing pain (Lui et al., 2008; Duerden and Albanese, 2013;
Wager et al., 2013; Favilla et al., 2014). We also hypothesized
that if empathy relies on an affective mirror mechanism, based
on implicit reactivation of motor and interoceptive aspects of
pain, self-expressions of pain, despite their lower ecological
plausibility, would represent more potent stimuli, given their
greater congruency to self-related representations. Therefore, we
compared the neural activations related to implicit processing of
self and others’ faces, during the presentation of expressions of
pain in young female volunteers. To this end, we used video-clips
presenting the subject’s own neutral or painful facial expressions,
or the neutral/painful expressions of unfamiliar others displaying
a comparable emotional intensity, while asking volunteers to
judge whether each viewed facial expression was painful or
not.
In particular, we evaluated the interaction effect of Self and
Pain on BOLD activity in the two brain regions involved in
empathy for pain and pain perception, the AI and the aMCC.
MATERIALS AND METHODS
Participants
Twenty-seven right-handed healthy women (mean age = 21.3,
SD = 1.6; mean school age = 13. 5, SD = 1.5) with no history
of neurological or psychiatric diseases took part in the study.
We decided to use only female volunteers in order to have a
homogeneous experimental population, given the well-known
differences between genders both in expressivity (LaFrance and
Banaji, 1992; Hall et al., 2000), and in empathic behavior (Klein
and Hodges, 2001; Singer et al., 2006). Handedness was assessed
by means of the Edinburgh Inventory (Oldfield, 1971). All
participants gave their written informed consent to take part in
the study, which had been previously approved by the local Ethics
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Committee. The experiment was also conducted in accordance
with the ethical standards of the 2013 Declaration of Helsinki.
Personality Assessment
Participants completed the Italian version of the following
questionnaires:
• Empathy questionnaires (Empathy Quotient-EQ, Preti
et al., 2011; Interpersonal Reactivity Index-IRI, Albiero
et al., 2006; Toronto Alexithymia Scale 20 – TAS 20, Caretti
et al., 2005).
• Personality questionnaires (Behavioral Inhibition
Scale/Behavioral Activation Scale – BIS/BAS, Carver
and White, 1994).
• State Trait Anxiety Inventory – STAI I–II (Sanavio et al.,
1997).
• Pain Catastrophizing Scale – PCS (Monticone et al., 2012).
Moreover, volunteers were tested for interoceptive accuracy
as measured through the heartbeat perception task (Schandry,
1981). Interoception, the individual sensitivity to physiological
stimuli originating inside of the body, is one of the most relevant
aspects of self-experience and may influence the perception and
evaluation of emotional stimuli (Pollatos et al., 2007; Dunn
et al., 2010). In the present study, interoceptive accuracy was
assessed as described in Ardizzi et al. (2016) and Ambrosecchia
et al. (2017). Briefly, participants had to silently count their
own heartbeats in four different time intervals (25, 35, 45, and
100 s) presented in random order and triggered by audio-visual
start and stop cues. A brief training period (15 s) preceded
the four intervals. During the task, no feedback on the length
of the counting phases or the quality of their performance
was given and participants were not permitted to take their
pulses. Heartbeats were recorded using three Ag/AgCl pre-gelled
electrodes (ADInstruments, United Kingdom) with a contact
area of 10 mm diameter placed on the wrists of the participants in
an Einthoven’s triangle configuration monitoring ECG (Powerlab
and OctalBioAmp 8/30, ADInstruments, United Kingdom). The
ECG was sampled at 1 KHz and filtered online by the mains
filter, which has a negligible distorting effect on ECG waveforms.
The R-wave peak of the ECG was detected for each sequential
heartbeat. The heartbeat perception score was calculated as the
mean score of the four separated heartbeat perception intervals
according to the following transformation (Schandry, 1981;
Pollatos et al., 2008):
1
4
∑(
1−
(|recorded beats− counted beats|)
recorded beats
)
According to this transformation, heartbeat perception
score varies between 0 and 1, with higher scores indicating
smaller differences between objectively recorded and subjectively
counted heartbeats (i.e., higher interoceptive accuracy).
Stimuli Recording and Validation
We recorded video clips of each volunteer’s facial expressions
while they were receiving either painful or non-painful
mechanical stimulations to their right hand. Participants were
explicitly told that they would be video-recorded and that they
would perceive a painful or a tactile stimulation. During the
stimuli-recording phase, they sat comfortably in front of a
uniform gray background, wearing a white coat covering their
personal clothing. They were also asked to remove make-up,
personal jewelry, glasses, or other distinctive elements.
A video camera (Sony HDD handycam DCR-SR32, spatial
resolution 720 × 576 pixels) was mounted on a tripod about
1.5 m in front of the participants, at eye level. Environmental
settings (e.g., room light, camera distance, sitting position) were
kept constant across volunteers. Participants were instructed to
ignore the camera and react as they naturally would. Painful
(P) and non-painful (NP) stimuli were manually delivered by
an experimenter to the right hand dorsum by means of a
mechanical stimulator with disposable tips, custom-built in our
laboratory. The mechanical stimulator included an aluminum
hollow cylinder containing a sliding brass weight connected to
a plastic tip, on which either a disposable stainless-steel wire
(0.2 mm section) or a foam-rubber tip (approximate diameter:
2 mm) could be mounted for P and NP stimulation, respectively.
After each stimulation participants were instructed to rate the
evoked sensory intensity using a numerical 0–10 scale, where 0
denoted “no pain” and 10 denoted “the maximum imaginable
intensity of pain.” For each volunteer, the brass weight was
individually selected, by means of a few test trials, so that the tip
would induce a moderate pain sensation (3–4 on a 0–10 scale) for
P stimuli and a pure tactile sensation (0 on a 0–10 scale) for NP
stimuli.
For each participant, we extracted forty video clips lasting
2 s, one for each stimulation (20 depicting painful and 20
depicting neutral expressions) from their recorded videos using
the software VirtualDubMod1.
We performed a first rough screening of the resulting 1,080
videos, to eliminate those that were obviously ambiguous. The
remaining 329 video clips were presented to a group of three
female evaluators from the University staff/faculty in order to
select those that were clearly painful or clearly neutral. We
chose not naive evaluators because they are better qualified to
point out possible problems regarding the stimuli. The evaluators
were asked to independently rate each video clip using two
separate numerical 0–10 scales, one for the intensity of the
facial expression and one for the putative intensity of the pain
experienced by participants. Based on these ratings, a minimum
of four and a maximum of six videos (those that had received the
highest pain intensity scores) were selected for each participant
for the fMRI study. Video clips with a mean score <1 were
excluded from the P category. The mean intensity score of the
selected P videos was 2.81± 1.24; range 1–6.
This a-priori stimulus categorization served only to increase
the probability to find stimuli which could be highly recognizable
as painful, but did not affect the following analysis of the fMRI
data, which was carried out considering the subjective evaluation
given by each single participant (see below, 2.6 fMRI data
acquisition and analysis).
1http://virtualdubmod.sourceforge.net/
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Only participants having at least four P videos underwent the
fMRI study. For each participant, the same number of N stimuli
was randomly chosen among the videos rated 0. Overall, a final
set was selected, comprising 228 (114 P and 114 N) video clips
from 22 out of 27 volunteers. Because our experimental design
requires the observation of the subject’s own facial expressions of
pain (see below), the 5 volunteers for whom no P video clips was
selected were not admitted to the fMRI study.
fMRI Experimental Design
An event-related paradigm was employed; it comprised four
runs, each composed of eighteen trials, for a total of seventy-
two trials. Each trial involved the presentation of a 2 s video clip
depicting either:
• the participant’s own neutral facial expressions (self no-
pain, SNP);
• neutral facial expressions from one out of three unfamiliar
individuals (others’ no-pain, ONP);
• the participant’s own painful facial expressions (self-pain,
SP);
• painful facial expressions from one out of three unfamiliar
individuals (others’ pain, OP).
For each participant, OP videos were selected in order to
match the mean intensity of her painful facial expressions,
according to the mean rating provided by the three evaluators.
Each participant underwent 18 trials for each condition
(SNP, ONP, SP, and OP); all conditions were arranged in
pseudorandom order within each run. In each trial, the
volunteers were asked to watch the video clip carefully and,
after a 10.5 s interval, to indicate whether the expression
was painful or not. Examples of frames taken from the video
clips are presented in Figure 1, top. Responses were given by
pressing one of two buttons of a response box (Current Designs
Inc.2).
Each trial lasted 26 s and began with a brief (500 ms) change
of the background color (from black to blue) as a visual warning
cue. Then the following events ensued: stimulus presentation
(2 s), black screen (10.5 s), response (2 s), black screen (11 s;
Figure 1, bottom). The warning cue was introduced to prompt
participants about the upcoming appearance of the video clip, but
did not provide any hint about the stimulus type. Stimuli were
presented via the Esys-fMRI (Invivo Corporation, Gainesville, FL,
United States) remote display, timed by a custom-made software
developed in Visual Basic 63. Accuracy and response times were
collected during the scanning sessions by means of the same
custom-made software.
Behavioral Data Analyses
Accuracy and response times were computed for each volunteer
separately for the four conditions of interest (SP, SNP, OP, and
ONP) and compared using the Friedman test. A value of p< 0.05
was taken as the significance difference threshold.
2https://www.curdes.com/
3https://digilander.libero.it/marco_serafini/stimoli_video/
fMRI Data Acquisition and Analysis
Functional MRI data were acquired with a Philips Achieva MRI
system at 3 T and a BOLD-sensitive gradient-echo echo-planar
sequence [repetition time (TR): 2,000 ms; echo time (TE): 30 ms;
field of view: 240 mm; 80 × 80 matrix; 35 transverse slices,
3 mm each with a 1 mm gap]. A high-resolution T1-weighted
anatomical image was also acquired for each subject to allow
anatomical localization and spatial standardization (TR: 9.9 ms;
TE: 4.6 ms; 170 sagittal slices; voxel size: 1 mm× 1 mm× 1 mm).
The Matlab 7.11 and SPM12 (Wellcome Department of Imaging
Neuroscience, London, United Kingdom) software were used for
data analysis.
Three out of the 22 participants performing the fMRI
experiment were excluded because of excessive movement during
scanning; therefore, 19 participants entered the final analysis.
For each participant, all functional volumes were realigned
to the first volume acquired, corrected for slice-timing,
normalized to the MNI (Montreal Neurological Institute)
template implemented in SPM12, and smoothed with a
9 mm × 9 mm × 12 mm full-width at half-maximum Gaussian
kernel.
The four conditions (SP, SNP, OP, and ONP) were modeled
by convolving the respective stimulus timing vectors with the
standard hemodynamic response function. Condition effects
were estimated using a general linear model framework, and
region-specific effects were investigated with linear contrasts
comparing the four experimental conditions. For each volunteer,
the Pain/NoPain labeling of the stimuli for the model regressors
followed the answer that the subject provided. Group random-
effects analyses were performed by entering the individual
contrast images corresponding to the effects of interest into
separate one-sample t-tests. A double statistical threshold (single-
voxel statistics and spatial extent) was used to achieve a combined
experiment-wise (i.e., corrected for multiple comparisons)
significance level of α < 0.05, as computed by 3dClustSim AFNI
routine4, with the “-acf” option.
Additional parametric analyses were performed to map
regions whose activity was related to: (a) the actual intensity of
perceived pain following P stimuli, according to the subjective
ratings provided by the volunteers during the video clip recording
session (obviously limited to the SP condition) and (b) the
putative pain estimated by observing the facial expression during
a post-scanning evaluation (for all the SP and OP stimuli
presented during the scanning session).
To evaluate the interaction between Pain and Self, we first
conducted whole brain repeated measure ANOVAs, then we used
the average beta values extracted from two different regions of
interest (ROIs), i.e., 3 mm-radius spheres centered in aMCC
(x = 6; y = 20; z = 26) and right AI (x = 39; y = 11; z = –
2). These coordinates correspond to the peak value of clusters
resulting from the SPvsOP contrast, and are very close to those
identified in the literature when comparing the effects of actual
noxious vs. non-noxious skin stimulation (e.g., Lui et al., 2008;
Duerden and Albanese, 2013). The beta extraction was performed
using MarsBaR (Brett et al., 2002).
4https://afni.nimh.nih.gov/pub/dist/doc/program_help/3dClustSim.html
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FIGURE 1 | Top: Sample frames extracted from two video-clips representing NP and P stimuli, respectively. Bottom: Experimental design. Temporal sequence of
events during each trial. Written informed consent was obtained from the pictured participant.
Finally, regression analyses were implemented to identify
brain regions showing a correlation with (i) the individual degree
of interoceptive accuracy (heartbeat perception score), (ii) the
assessed personality traits, (iii) the level of state and trait anxiety,
and (iv) the tendency to catastrophize pain.
For all analyses, coordinates in Talairach space (Talairach and
Tournoux, 1988) were obtained by applying the Matthew Brett
correction (mni2tal5) to the SPM MNI coordinates.
RESULTS
Behavioral Data and Questionnaires
Accuracy and response times were not significantly different
between the four conditions considered (Friedman test); mean
percentage and reaction times of correct responses were,
respectively, 90.6% and 1,336 ms for SP; 85.6% and 1,339 ms for
OP; 93% and 1,349 ms for SNP and 94.2% and 1,336 ms for ONP.
The mean Empathy Quotient (EQ) was 46.63 with a SD of 10.00;
the mean IRI score was 96.58 with a SD of 11.85, the mean TAS 20
score was 57.79 with a SD of 7.23, the mean PCS score was 30.00
with a SD of 2.28.
fMRI Data
Interaction Between Self and Pain
No significant interaction was found in the whole-brain analysis.
We observed a significant interaction between Self and Pain
5http://www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html
[(SPvsSNP) > (OPvsONP)] in the aMCC ROI [F(1, 18) = 4.57;
p < 0.05)], but not in the AI ROI [F(1, 18) = 2.96; p > 0.05)]
(Figure 2).
Pain vs. NoPain
Greater BOLD responses for the observation of Pain compared to
noPain (P vs. NP) stimuli were observed bilaterally in the inferior
and middle occipital gyri, in the middle temporal gyrus (MTG),
superior temporal gyrus (STG), supramarginal gyrus (SMG),
amygdala, pre-supplementary motor area (preSMA), superior
mesial frontal gyrus, anterior Middle Cingulate cortex (aMCC),
inferior frontal gyrus (IFG), insular cortex, thalamus, putamen,
and caudate nucleus. In the right hemisphere, the activation
encompassed the fusiform gyrus (FG) (including the expected
location of the fusiform face area, FFA (Kanwisher et al., 1997),
and parts of the cerebellum (Table 1 and Figure 3, top).
Self vs. Other
Significantly greater responses for the observation of Self
compared to Other stimuli (SvsO), were observed bilaterally in
the ACC and aMCC, in the inferior and middle frontal gyri and
in the AI on the right side. One additional cluster was found in the
right parietal cortex (superior parietal lobule and angular gyrus)
(Table 2 and Figure 3 bottom).
Parametric and Regression Analyses
No significant cluster was found when using as regressors of
interest in the analysis either the levels of perceived pain following
SP stimuli during the video clip recording session, or the pain
levels estimated by observing SP and OP stimuli.
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FIGURE 2 | Results of the interaction between Self and Pain in the two identified ROIs (see Materials and Methods). x, y, and z are coordinates in the MNI space.
Graphs represent mean beta values for the four experimental conditions.
No significant correlation was found between brain activity
and (i) the assessed personality/behavioral scores (see above);
(ii) the individual degree of interoceptive accuracy (heartbeat
perception score).
DISCUSSION
To the best of our knowledge, this is the first study comparing the
fMRI activations related to implicit processing of self and others’
facial expressions of pain.
Interaction Between Self and Pain
We observed a significant interaction effect for the stimulus
dimensions of Self and Pain on BOLD activity in the aMCC.
It is well known from the literature that this region is involved
in actual nociceptive processing and pain perception (Lui et al.,
2008; Duerden and Albanese, 2013; Wager et al., 2013; Favilla
et al., 2014). Although in this study we did not actually localize
interoceptive or pain perception areas, nor did we explicitly
manipulate any kind of embodied simulation, this finding
suggests that, among the regions involved in pain and empathy
for pain, aMCC has a crucial role in self/other discrimination
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TABLE 1 | Regions of increased signal for the contrast Pain vs. no Pain.
Side Cluster Voxel level MNI coordinates Talairach coordinates
Brain areas k Z x y z x y z
Bilateral inferior frontal gyrus (BA 47, 45, 44),
anterior insula, amygdala, entorhinal cortex (BA 28,
34), l superior temporal gyrus (BA 38); r middle
temporal gyrus (BA 21), superior temporal gyrus
(BA 22), r fusiform gyrus (BA 37), inferior occipital
gyrus, middle occipital gyrus (BA 19), thalamus,
caudate nucleus, and putamen, cerebellum
r/l 2,943 5.25 −48 23 6 −48 23 4
5.19 −39 20 −10 −39 19 −9
5.06 51 −37 −2 50 −36 0
Middle and superior temporal gyri (BA 21, 22),
supramarginal gyrus (BA 40), inferior, and middle
occipital giri (BA 19),
l 392 5.11 −48 −76 −2 −48 −74 2
4.76 −48 −49 6 −48 −47 8
4.32 −54 −37 −2 −53 −36 0
Anterior-middle cingulate cortex (BA 24, 32),
superior mesial frontal gyrus (BA 8, 9, 10),
pre-supplementary motor area (BA 6)
r/l 597 5.01 6 17 62 6 19 56
4.17 18 47 42 18 47 36
4 3 47 38 3 47 33
Superior occipital gyrus (BA 17, 18) l 32 3.9 18 −94 6 18 91 10
Fusiform gyrus (BA 37) l 32 3.68 −45 -55 −22 -45 −54 −16
−42 −67 −18 −42 −66 −12
Cluster-size threshold k = 29 voxels, corrected at α < 0.05.
r, right; l, left; BA, Brodmann area.
and in self-focused affective reaction. It is worth mentioning that
aMCC activity is increased during anticipation of pain (Porro
et al., 2002), contributes to pain intensity coding (Lui et al.,
2008; Favilla et al., 2014) and is positively correlated with the
expectation of pain relief (Petrovic et al., 2005), further suggesting
that aMCC is a key structure for the cognitive aspects of pain
(Vogt, 2016).
The present findings add to the current body of knowledge
the notion that, within these overlapping brain networks, the
processing of self-experiences may still be differently modulated
compared to others’ experiences.
Pain Related Activations
We observed increased activation for the observation of Pain
compared to noPain (PvsNP) face stimuli in pain related regions
(Lui et al., 2008; Duerden and Albanese, 2013) such as aMCC,
IFG, insular cortex and thalamus, as well as in a large bilateral
array of cortical areas located in the occipital, temporal and
frontal cortex.
These areas, with the exception of the aMCC, exhibited a
response that was not significantly modulated by the Self/Other
attribute of the stimulus, as they were below threshold in the
statistical interaction map.
As described in the Introduction, previous fMRI studies
consistently showed overlapping neural activations related to
the direct experience of pain and to empathy for the pain of
others (Lamm et al., 2011) in AI and aMCC (Carr et al., 2003;
Singer et al., 2004, 2006; Saarela et al., 2007; Lamm et al.,
2011; Zaki et al., 2016). These activations were found in studies
presenting body parts (hands and feet) hit by painful stimuli, as
well as faces expressing pain (Botvinick et al., 2005; Lamm et al.,
2007; Saarela et al., 2007; Budell et al., 2010). Seeing hands or
feet in painful situations (but not painful faces) also activated
somatosensory cortex (Keysers et al., 2010) and facilitated motor
programs associated with nociceptive pain (Avenanti et al., 2005).
Brain responses to others’ pain in AI and aMCC correlate with
subjective experiences of pain empathy (Saarela et al., 2007;
Ochsner et al., 2008) and willingness to reduce others’ pain (Hein
et al., 2010; Zaki and Ochsner, 2012). Moreover, brain responses
to empathic pain diminish after placebo analgesia (Rütgen et al.,
2015a,b).
The activation of an overlapping neural network for both the
direct experience and the observation of others experiencing the
same emotion has been interpreted within the framework of the
“embodied simulation” perspective (Gallese, 2003; Gallese et al.,
2004). Namely, the representations of one’s own emotions (as
well as one’s own actions or sensations) driven by the direct
experience, and the corresponding representations of observing
others experiencing the same emotion, would share a common
“bodily” format (Gallese and Sinigaglia, 2011). Data supporting
this hypothesis come from studies demonstrating that AI and
the ACC, key regions involved in the direct experience of
disgust, were also implicated in the observation of others’ facial
expressions of disgust (Wicker et al., 2003). It should be pointed
out that there is not a clear demonstration that the same neural
assemblies are active in the two conditions, but simply that they
are spatially overlapping at the spatial resolution of conventional
fMRI. The close connection between self and other experience
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FIGURE 3 | Results of the contrasts Pain vs. noPain (top) and Self vs. Other (bottom). Surface rendering (left) and regions of increased signal superimposed on slices
of a standard structural T1 weighted brain (right). Color bars represent T-values. Statistical thresholds as in Tables 1, 2, respectively. L, left; R, right; x and z are
coordinates in the MNI space.
in human brain is further demonstrated by neuropsychological
findings showing that circumscribed lesions of the AI lead to
selective deficits in experiencing and recognizing disgust (Calder
et al., 2000).
As pointed out by Valentini (2010), it may be difficult in the
present task to disentagle between pain recognition per se and
empathic processing. The first process may be necessary but not
sufficient to elicit empathy.
Self-Related Activations
Observing one’s own face vs. another’s face (i.e., the SvsO
contrast) evoked activations in bilateral ACC and aMCC, and
in right AI and IFG. These areas, with the exception of the
aMCC, exhibited a response that was not significantly modulated
by the Pain/Neutral attribute of the stimulus, as they were
below threshold in the statistical interaction map. Regarding the
salience hypothesis that has been advanced by Valentini and Koch
(2012) to explain the higher responses related to self-processing,
in our opinion this might explain at least in part the main
effect (Self vs. Other), but it can hardly explain the interaction
effect.
Ibáñez et al. (2011) found that early and late cortical ERP
response between pain and no-pain were modulated only in
the other-face priming condition. However, as mentioned in
the Introduction, self-related affect can bias empathy. More
specifically, the observation of another person in pain can
evoke the aversive experience of personal distress, triggering
a self-focused, aversive affective reaction associated with the
desire to alleviate one’s own, but not the other’s, pain
(Eisenberg, 2000). Recently, it has been demonstrated that
overcoming biased empathic judgments is associated with
increased activation in the right supramarginal gyrus, thus
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TABLE 2 | Regions of increased signal for the contrast Self vs. Other.
Side Cluster Voxel level MNI coordinates Talairach
coordinates
Brain areas K Z x y z x y z
Anterior (ACC) and anterior mid-cingulate (aMCC) cortex (BA 24, 32) r/l 174 4.79 3 17 30 3 18 27
4.01 0 35 18 0 35 15
Inferior frontal gyrus (BA 44) 3.95 0 26 22 0 26 19
Inferior and middle frontal gyri (BA 47, 10) r 45 4.17 51 8 26 50 9 24
Anterior insula r 57 3.97 39 41 14 39 40 11
Superior parietal lobule, angular gyrus (BA 7) r 40 3.97 42 11 −6 42 10 −6
l 40 3.83 24 −55 46 24 −51 45
Cluster-size threshold k = 29 voxels, corrected at α < 0.05.
r, right; l, left; BA, Brodmann area.
suggesting that the activity of this region is crucial for the
self/other distinction (Silani et al., 2013; Steinbeis et al., 2015).
The specific function of this area is still unknown, but this
region is clearly segregated from the one engaged during
self/other distinction in the motor or cognitive domain, which
is located in the right temporo-parietal junction (Silani et al.,
2013; Steinbeis et al., 2015). With respect to the distinction
of processing self vs. others’ faces without specific emotions,
previous neuroimaging results have shown that explicit self-face
recognition activates a frontoparietal network mostly located on
the right hemisphere (Uddin et al., 2005; Apps et al., 2012).
However, a meta-analysis including both neuropsychological
and neuroimaging results revealed that the network involved is
widespread and includes the left fusiform gyrus, the bilateral
middle, and IFG gyri and right precuneus (Platek et al.,
2008).
The activations reported here in aMCC and in right AI,
evoked by observing one’s own face vs. others’ faces in pain,
are in line with those of previous studies showing stronger
responses in the same regions associated with higher personal
distress (Jackson et al., 2006), or in the aMCC following
short-term training in empathy, leading to increased empathic
responses and negative affect (Klimecki et al., 2014). Another
study evaluated the effect of personal distress or empathic
concern manipulating the perspective-taking instructions of the
task (viewing facial expressions of pain with the instruction
to imagine the feelings of the other or to imagine oneself
to be in the other’s situation), showing stronger responses
related to personal distress in middle insula (Lamm et al.,
2007).
Recently, Tania Singer and her group compared the neural
activations for the response of “feeling as” (empathic resonance)
and “feeling for” (compassion) by means of an event related
fMRI study (Klimecki et al., 2014). Short-term training
in empathic resonance increased negative affect and was
associated with activations in a network comprising AI,
aMCC, temporal gyrus, dorsolateral prefrontal cortex, and
parts of basal ganglia. Compassion training decreased negative
affect back to baseline levels and increased positive affect:
it was associated with increased brain activations in a non-
overlapping brain network comprising medial orbitofrontal
cortex, pregenual ACC and striatum, a network previously
associated with positive affect (Kringelbach and Berridge, 2009),
reward and affiliation (Strathearn et al., 2009; Haber and
Knutson, 2010).
Regression Analyses
In the present study we found no significant correlation
between brain activity and the individual degree of interoceptive
awareness, the assessed personality traits, measures of individual
empathy, level of anxiety and the tendency to catastrophize
pain. Few neuroimaging studies evaluated similar correlations
effects and have produced inconclusive results. In particular,
correlations with trait and state measures of empathic concern
and personal distress have generally been extremely weak: a few
early studies reported a correlation between empathic concern
and AI activation (Singer et al., 2004, 2006; Lamm et al., 2007);
however, others have failed to replicate these results (see Lamm
et al., 2011 for a review). It is clearly possible that negative results
are due to the fact that these personality measures do not have a
simple linear correlation with the BOLD brain activity involved
in empathy for pain. Alternatively, the lack of a significant
effect may be due to the noisy nature of the psychometric
measures, to a large interindividual variability in the ability for
introspectively accessing and reporting emotional states, and
to complex, non-linear relationships between phenomenological
and fMRI data.
Methodological Considerations
In the present study we aimed at evaluating the impact of the
self-other distinction on empathy related processes. In order to
avoid the use of a passive paradigm, which is suboptimal because
of potential drops in attentional engagement and task attendance
by the subjects, two possible options were to ask participants to
evaluate either the presence of pain, or the identity of the people
represented in the pictures.
We opted for an explicit, rather than an implicit evaluation
of pain for two reasons. First, the majority of fMRI studies on
empathy used explicit tasks. In social cognition implicit and
explicit processing are thought to be intrinsically different with
distinct functions, sometimes complementary and sometimes
oppositional (see Frith and Frith, 2008, for a review). Thus,
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asking participants to implicitly process pain would have not
allowed us to compare our study with previous ones. The
second issue regards the complexity of the task. It has been
shown that recognizing oneself is more accurate (and easier)
than recognizing others (see for example Apps et al., 2012).
The explicit evaluation of pain, on the other hand, does not
require different resources for processing self or others’ faces, as
demonstrated by our behavioral results.
Possible limitations of our study are due to the fact that we
compared self and others’ faces: for each participant, self face was
repeated more often than any other single face, beside the fact
that one’s own face is more familiar than any other face. However,
in everyday life it is not common to see oneself expressing pain;
it is rather more likely to see other people in pain. These issues
make our stimuli inherently difficult to balance. Further studies
performed manipulating the frequency of presentation of self
faces might address these issues.
Finally, as noted in Methods, we decided to use only female
volunteers, given the well-known differences between genders
both in expressivity (LaFrance and Banaji, 1992; Hall et al., 2000),
and in empathic behavior (Klein and Hodges, 2001; Singer et al.,
2006): further studies are required to verify whether the present
results are gender-specific.
CONCLUSION
Within the largely overlapping neural network of pain-related
regions for the implicit processing of self and others’ facial
expressions of pain, self-related stimuli induced generally higher
activations despite their lower ecological plausibility. This effect
could not be ascribed to overt processing of self-related stimuli
since we used an implicit task, requiring subjects to attend to the
affective content of the stimuli, rather than to the identity of the
portrayed person. Self-related effects were greater for pain-related
stimuli in aMCC, a medial-wall region critical for pain perception
(Duerden and Albanese, 2013; Favilla et al., 2014) and empathic
resonance (Klimecki et al., 2014), supporting the hypothesis that
empathic recognition is likely to be related to implicit simulation
of painful experiences.
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